Conducting bioequivalence studies is an essential step during the market authorization process of generic pharmaceutical formulations, for both human or veterinary use. The aim of the present study was to evaluate the pharmacokinetics of triclabendazole sulphoxide, the main metabolite of triclabendazole, and ivermectin in order to evaluate the bioavailability and bioequivalence of a novel sheep anthelmintic formulation of oral suspension for sheep treatment containing triclabendazole 50 mg/mL and ivermectin 1 mg/mL compared to the reference product. In order to determine relative bioavailability of the test product with respect to the reference product the study was conducted on 36 clinically healthy sheep, following an unicentric, randomized, cross-over, two-sequence, two-treatment and 14-day wash-out study design. For the determination of triclabendazole sulphoxide and ivermectin sheep plasma concentrations, two rapid, selective high performance liquid chromatography coupled with mass spectrometry (LC-MS/MS) methods were developed and validated. The measured plasma concentrations of triclabendazole sulphoxide and ivermectin were used for the pharmacokinetic analysis and the determination of bioequivalence between the test product with regards to the reference product. The noncompartmental analysis of the pharmacokinetic data for both triclabendazole sulphoxide and ivermectin showed similarities between first-order kinetics of the test and reference product. The relevant pharmacokinetic parameters (Cmax, AUClast, AUCtot) were determined and the bioequivalence between the test and reference product could be concluded. 
Introduction
Triclabendazole is an anthelmintic drug which is used for the treatment of liver fluke, Fasciola hepatica and Fasciola gigantica, in sheep and other livestock. Triclabendazole cannot only be used for treating liver fluke in livestock but may also be used in cases of human fascioliasis [1] .
Following oral administration and absorption triclabendazole is rapidly metabolized in the liver. Triclabendazole and its two metabolites, triclabendazole sulphoxide and triclabendazole sulphone, have high activity against the migratory juvenile stages of liver fluke. Both metabolites show important plasma protein binding which explains their relatively slow elimination from the animal's organism. Triclabendazole sulphoxide and triclabendazole sulphone are also the main two unconjugated metabolites present in bile. The metabolic mechanism of triclabendazole is complex, but helps maintaining concentrations levels of triclabendazole and its metabolites in the bloodstream over longer periods of time which in turn contributes to its high efficacy against the fluke [2] .
Triclabendazole sulphoxide is the main active metabolite of triclabendazole and the major metabolite detected in the host [2] . Thus, the bioequivalence of a product containing triclabendazole can be evaluated by analyzing the pharmacokinetics of the metabolite in plasma and comparing it between the generic (test) and reference product.
Ivermectin is a mixture of two chemically modified avermectins (B1a and B1b) and it is a very widely used drug against a wide array of nematode species. It is lipophilic and thus easily soluble in organic solvents but not water soluble [3] . Due to this it tends to accumulate in fat tissue and persist for longer periods of time in the body not only due to this accumulation but also due to its low plasma clearance. For bioequivalence purposes the pharmacokinetics of avermectin B1a in plasma were analyzed and compared between the test and reference product, as avermectin B1a makes up more than 90% of ivermectin.
In order to further extend the spectrum of use, the antiparasitic drugs are often used in combined therapy [4] . In some cases, the combined therapy may even yield higher efficacy than the separately applied treatments [5] . Due to the multiple compounds, however, the bioequivalence studies performed on combined products are more difficult and complex, from both analytical point of view as well as due to the increased number of pharmacokinetic analyzes which need to be carried out.
Bioequivalence studies are an essential step in the process of obtaining marketing authorization for generic medicinal products in the USA and Europe. As at the time of the study no generic products containing a combination of triclabendazole and ivermectin were marketed, the launch of a generic product is very important. Generic medicinal products not only offer consumers a choice, but can also satisfy demand in areas where the originator product is scarcely available or not available. On the other hand due to competition the authorization of generic product leads to a decrease in prices and makes products more accessible to a larger population, especially in underdeveloped countries
The aim of the present study was to evaluate the pharmacokinetics of triclabendazole sulphoxide, the main metabolite of triclabendazole, and ivermectin in order to evaluate the bioavailability and bioequivalence of a novel sheep anthelmintic formulation, an oral suspension containing triclabendazole 50 mg/ml and ivermectin 1 mg/ml, compared to the reference product.
Methods

Subjects
The study was conducted on a total of 36 healthy male and female sheep in accordance with the following guidelines: Good Clinical Practice guidelines [6] , EMA Guidelines for the Conduct of Bioequivalence Studies for Veterinary Medicinal Products [7, 8, 9] as well as other applicable regulations or laws enforceable in Romania.
The study protocol was reviewed and approved by the Ethics Committee of the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca.
Sheep were deemed to be healthy judged by means of a medical and standard laboratory examination (normal hematology, clinical chemistry and urinalysis).
Study design
The study consisted of two study periods. All animals received in each of both periods of the study a single dose of product, 0.6 ml/kg bodyweight (either test or reference formulation). The first period of the study was followed, after a 14 days washout period, by the second period of the trial. The sheep were fast from food from the morning of the day of the drug administration until 24 hours after administration. Water was allowed ad libitum until 2 hours before and 2 hours after administration. Products administered were the test product Trimectin 50 mg/ml + 1 mg/ml Oral Suspension for Sheep (ivermectin 1 mg, triclabendazole 50 mg) (Pharma VIM Kft., Hungary) and the reference product Fasimec Duo 50 mg/ml + 1 mg/ml Oral Suspension for Sheep (ivermectin 1 mg, triclabendazole 50 mg) (Elanco Animal Health, UK).
Venous blood samples (5 mL) were drawn from the jugular vein, from the neck area, of each subject in tubes containing anticoagulant (K3EDTA) before the administration (time 0.0) and at 0. Samples were centrifuged using a Centurion Scientific K241R Centrifuge, at 5000 rpm for 10 minutes within 60 minutes after collection. The plasma was separated and transferred to two test tubes (sample and backup sample). The test tubes were securely closed, labeled and immediately frozen for storage at -20 °C until analysis.
Analysis of plasma samples
Sheep plasma concentrations of triclabendazole sulphoxide and ivermectin (avermectin B1a) were determined using validated high-performance liquid chromatography coupled with mass spectrometry (LC-MS/MS) methods which were developed in-house. A typical chromatogram for triclabendazole sulphoxide and its internal standard are presented in Figure 1 .
Pharmacokinetic and statistical analysis
Data from all evaluable subjects were included in bioequivalence assessment. All 36 subjects finalized the study and were included in the statistical analysis of pharmacokinetic data. Noncompartmental pharmacokinetic analysis method was carried out for both triclabendazole sulphoxide and ivermectin in order to determine the pharmacokinetic parameters. For bioequivalence assessment for all the primary pharmacokinetic parameters considered (Cmax, AUClast) a confidence interval of 90% for the ratio of the population means T/R (Test/Reference) was calculated. All these pharmacokinetic parameters were planned for analysis using ANOVA, after data logarithmic transformation. A reference 90% confidence interval of 0.8 -1.25 was chosen.
In addition, summary statistics were performed, including arithmetic mean, harmonic mean, geometric mean, SEM, standard deviation, median, range. For Tmax comparison, non-parametric tests were carried out (KruskalWallis and Friedman test) on untransformed data. For MRT (mean residence time) and Thalf the same statistical tests were applied as for primary parameters (Latin-square ANOVA with determination of 90% CI of the ratio of means T/R after data log-transformation and descriptive statistics). The pharmacokinetic analysis was performed using Kinetica 5 (ThermoLabsystems, USA) [10] .
In order to evaluate a possible statistical or clinical significance of the pharmacokinetic interaction, an analysis of variance (ANOVA) was performed on the main calculated pharmacokinetic parameters, using general linear model procedures, in which the sources of variation were the subject and the treatment. All calculations and evaluations were analyzed taking into consideration the current applicable guidelines [11, 12] .
Results
All sheep plasma samples obtained during the study were analyzed using the fully validated LC-MS method developed in-house. Improbable results obtained during initial assay of samples were reanalyzed in accordance with the current guidelines and incurred samples were also analyzed on the last day of analysis as part of the validation process.
During incurred samples analysis the percent difference between concentrations obtained for the initial analysis and the concentrations obtained after reanalysis was not greater than 20% of their mean for 74% of samples for triclabendazol sulphoxide and 84% of samples for ivermectin, respectively.
The mean plasma concentration curves for triclabendazole sulphoxide and ivermectin were determined, for both test and reference product, and are shown in Figures 2, 3,  4 and 5 respectively.
The mean values for triclabendazole sulphoxide Cmax were 56.0 (+/-17.1) µg/ml for test and 54.4 (+/-20.1) µg/ ml for the reference product. For ivermectin Cmax mean values were 41.2 (+/-8.7) ng/ml for test and 42.2 (+/-10.5) ng/ml for reference product, respectively.
Statistical analysis was carried out for the obtained data. After applying ANOVA the 90% confidence intervals for the ratio of means of triclabendazole sulphoxide and ivermectin "Test/Reference" for the highest concentrations (Cmax) were 0.98-1.12 for triclabendazol sulphoxide and 0.92-1.05 for ivermectin. The 90% confidence intervals for the ratio of means of triclabendazole sulphoxide and ivermectin "Test/Reference" for the area under the curve up to the last measurable concentration (AUClast) were 0.88-1.07 for triclabendazole sulphoxide and 0.86-1.06 for ivermectin. The mean pharmacokinetic parameters for triclabendazole sulphoxide and ivermectin as well as the statistics for them are shown in Table I and Table II .
Discussions
Incurred sample reanalysis testing passed criteria stipulated in current bioanalytical method validation guidelines [13, 14] as the percent difference between concentrations obtained for the initial analysis and the concentrations obtained after reanalysis was within the +/-20% of their mean for more than 67% of the reanalyzed samples, for each triclabendazol sulphoxide and ivermectin. Thus, the LC-MS method used for analysis being validated and in- Fig. 2 . Mean plasma concentration curves for triclabendzole sulphoxide in bioequivalence testing of two anthelmintic formulas for sheep curred sample analysis testing passing acceptance criteria, the plasma concentrations determined for the study samples can be considered accurate.
Based on the obtained plasma concentrations statistical analysis of data was carried out. The primary pharmacokinetic parameters (Cmax, Tmax, AUClast) were calculated for triclabendazol sulphoxide and ivermectin and used for the bioequivalence evaluation of the test product with regards to the reference product.
The parametric 90% confidence interval for the ratio T/R period of the mean pharmacokinetic and the significance of the difference of Tmax values based on Friedman and Kruskal-Wallis test are also shown.
The 90% confidence intervals for the ratio of means of triclabendazole sulphoxide and ivermectin "Test/Reference" respectively, were within the conventional bioequivalence range of 80-125 % for all primary parameters. The difference between means is not statistically significant for the Tmax of the test and reference products (Friedman and Kruskal-Wallis test) for neither triclabendazole sulphoxide nor ivermectin.
Thus, we were able to consider that all criteria described in current guidelines for bioequivalence testing were met for the test product [11, 12] .
Conclusion
The bioequivalence could be concluded between the studied test and reference products due to the calculated 90% confidence interval around the ratio of means (Test/Reference) of log transformed data falling within the reference acceptance range for bioequivalence of 0.8 -1.25 for all primary pharmacokinetic parameters of both triclabendazole sulphoxide and ivermectin. The Friedman and Kruskal-Wallis tests showing no significant difference between Tmax of reference and test products for both triclabendazole sulphoxide and ivermectin. 
